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(54) Phase lock loop gain control using unit current sources 



(57) A gain compensator compensates for the gain 
variation of a varactor-tuned voltage tuned oscillator 
(VCO) in a phase lock loop (PLL). The VCO (222) in- 
cludes a parallel LC circuit (228) having multiple fixed 
capacitors thai can be swilched-in orswitched-out of the 
LC circuit according to a capacitor control signal to per- 
form band-select tuning of the VCO. The gain compen- 
sator compensates for the variable VCO gain by gener- 
ating a charge pump reference current that is based on 
the same capacitor control signal that controls the fixed 
capacitors in the LC circuit. The gain compensator gen- 



erates the charge pump reference current by replicating 
a reference scale current using unit current sources. 
The number of times the reference scale current is rep- 
licated is based on the fixed capacitance that is 
switched-in to the LC circuit and therefore the frequency 
band of the PLL. The reference scale current is gener- 
ated based on a PLL control that specifics certain PLL 
characteristics such as reference frequency, loop band- 
width, and loop damping. Therefore, the reference 
pump current can be efficiently optimized for changing 
PLL operating conditions, in addition to compensating 
for variable VCO gain. 
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Description 

[0001] The present invention generally relates to gain 
control in a phase lock loop, and more specifically to 
phase lock loop gain control using scaled unit current 
sources. 

[0002] Radio frequency (RF) transmitters and receiv- 
ers perform frequency translation by mixing an input sig- 
nal with a local oscillator (LO) signal. Preferably, the LO 
signal should have a frequency spectrum that is as close 
to a pure tone as possible in order to maximize system 
performance during the signal mixing operation. The de- 
viation of the LO signal from a pure tone is quantified as 
phase noise or phase jitter, and is generally referred to 
as spectral purity. In other words, a LO signal with good 
spectral purity has low phase noise. 
[0003] Phase-locked loops (PLLs) are often used in 
frequency synthesizers to generate the LO signal. A PLL 
frequency synthesizer produces an output signal, typi- 
cally a sinewave or square wave, that is a frequency 
multiple of an input reference signal. The PLL output sig- 
nal is also in phase synchronization with the input refer- 
ence signal. PLLs are feedback loops, and therefore are 
susceptible to instability. Therefore, loop stability is a 
key performance parameter for PLLs, in addition to 
spectral purity of the output signal. 
[0004] A resonant-tuned voltage controlled oscillator 
(VCO) is typically utilized in a PLL to generate the PLL 
output signal, A resonant tuned VCO includes an aclive 
device and a resonant LC circuit, where the impedance 
of the resonant LC circuit becomes a short or an open 
at a resonant frequency. When the resonant circuit is 
connected in parallel with the active device, a positive 
feedback path is created in the active device at the res- 
onant frequency of the LC circuit. The positive feedback 
path causes the active device to oscillate at the resonant 
frequency of the LC circuit. 

[0005] The resonant tuned LC circuit typically in- 
cludes multiple fixed capacitors that can be switched in 
or out of the LC circuit, a varactor diode, and at least 
one inductor. The resonant frequency of the LC circuit 
(and therefore the oscillation frequency of the VCO) is 
tuned via a coarse tuning mechanism and a fine tuning 
mechanism. Coarse frequency tuning (or band-selec- 
tion) is performed by switching one or more of the fixed 
capacitors in the LC circuit. Whereas, fine frequency 
tuning is performed by changing the voltage across the 
varactor diode, which produces a capacitance that var- 
ies depending on the applied tuning voltage. Both tuning 
mechanisms operate by changing the capacitance, and 
therefore the resonant frequency of the LC circuit. The 
varactor tuning range is slightly largerthan onefixed ca- 
pacitor, and therefore provides some overlap between 
the fixed capacitors. 

[0006] VCO gain is defined as the VCO frequency 
shift per unit change in the varactor tuning voltage. A 
problem with varactor-tuned VCOs is that the VCO gain 
verses fixed capacitance is variable. In other words, the 



VCO frequency shift verses tuning voltage is dependent 
on the fixed capacitance that is switched-in to the LC 
circuit. The variable VCO gain creates difficulties when 
designing a PLL because the entire PLL loop gain, 

s bandwidth, and damping response varies with respect 
to the oscillator frequency. This in turn makes it difficult 
to optimize the output phase noise and reduces overall 
spectral purity. Therefore, it is desirable to compensate 
forthe variable VCO gain, in orderto maintain the overall 

io PLL gain at a desired optimum value. 

[0007] In addition to the VCO gain, it is desirable to 
adjust or tune other PLL characteristics, such as loop 
bandwidth, reference frequency, and damping factor, 
without having to tune or replace PLL components. 

15 [0008] The gain compensator invention compensates 
for gain variation in a varactor-tuned VCO in order to 
maintain the overall PLL gain at a desired level overfre- 
quency. The VCO includes a LC circuit that has multiple 
fixed capacitors that are arranged in parallel with the 

20 varactor diode and the active portion of the VCO. The 
fixed capacitors are switched-in to the LC circuit by cor- 
responding capacitor control signals. Coarse frequency 
tuning (also called band-select tuning) is performed by 
adding or subtracting one or more of the fixed capacitors 

25 to the LCcircuitaccordingtothecapacitorcontrolsignal. 
Fine frequency tuning is performed by adjusting the tun- 
ing voltage on the varactor diode, where the VCO gain 
is defined as the frequency shift per unit change in var- 
actor tuning voltage. VCO gain varies with the fixed ca- 

30 pacitance that is switched-in to the LC circuit, and there- 
fore changes with band-select tuning of the VCO. The 
gain compensator compensates for the variable VCO 
gain by generating a reference charge pump current for 
the PLL based on information that is carried in the ca- 

35 pacitor control signal. Therefore, the gain compensator 
is able to simultaneously adjust the charge pump current 
to maintain an overall flat PLL gain as fixed capacitors 
are incrementally added to (or subtracted from) the LC 
circuit. 

40 [0009] The gain compensator includes one or more 
cells that each correspond to a particular VCO that can 
be switched into the PLL at a given time. A VCO control 
signal selects a particular VCO for the PLL based on 
frequency, and also activates the appropriate cell. Each 

45 cell includes a plurality of unit current sources, where 
each unit current source substantially replicates (or cop- 
ies) a predefined reference scale current. The unit cur- 
rent sources are arranged into one or more groups, 
where each group corresponds to a fixed capacitor in 

so the LC circuit. Each group of unit current generates a 
portion of the total pump current when the correspond- 
ing capacitor is switched-in to the LC circuit. The number 
of unit current sources in each group is determined to 
compensate for the variable VCO gain that occurs when 

55 the corresponding fixed capacitor is switched-in to the 
LC circuit. Each group of unit current sources is activat- 
ed by the same capacitor control signal that controls the 
corresponding fixed capacitor. Therefore, when a fixed 
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capacitor is switched-in to the LC circuit, the corre- 
sponding group of unit current sources is simultaneous- 
ly activated and switched-in to the cell to compensate 
for the variable VCO gain that is caused by the fixed 
capacitor. 

[0010] An advantage of the gain compensator inven- 
tion is that the number of unit current sources that are 
activated for a corresponding fixed capacitor is arbitrary, 
but the current produced is linearly proportional to the 
reference scale current. In other words, there is no pre- 
defined relationship between the number of unit current 
sources in each group that would restrict the relative 
amount of current produced by each group. Therefore, 
the total pump current can be freely optimized to incre- 
mentally adjust for the variable VCO gain that is asso- 
ciated with various combinations of fixed capacitors. 
[0011] A further advantage of the gain compensator 
invention is that the reference scale current for the gain 
compensator cells is generated based on a PLL control 
signal. The PLL control signal specifics various PLL 
characteristics, such as the frequency of the reference 
signal, the PLL bandwidth, and the PLL damping factor, 
etc. Since the unit current sources are configured to rep- 
licate the reference scale current, all of the unit current 
sources can be simultaneously adjusted by changing 
the reference scale current. Therefore, the charge pump 
current can be efficiently adjusted to tune the mentioned 
characteristics of PLL for different operating conditions, 
without requiring the replacement of PLL components. 
[0012] Further features and advantages of the 
present invention, as well as the structure and operation 
of various embodiments of the present invention, are de- 
scribed in detail below with reference to the accompa- 
nying drawings. 

[0013] The present invention is described with refer- 
ence to the accompanying drawings. In the drawings, 
like reference numbers indicate identical or functionally 
similar elements. Additionally, the left-most digit(s) of a 
reference number identifies the drawing in which the ref- 
erence number first appears. 

FIG. 1A illustrates a tuner 100 that is an example 

tuner environment for the present invention; 

FIG. 1B illustrates dual frequency conversion that 

is performed by the tuner 1 00; 

FIG. 2 illustrates a PLL 200 that can be used with 

the tuner 100; 

FIG. 3 illustrates a VCO 300 that can be used with 
the PLL 200; 

FIG. 4 illustrates variable VCO gain; 
FIG. 5 illustrates a PLL 500 that includes a gain 
compensator 502, according to embodiments of the 
present invention; 

FIG. 6 illustrates a ROMDAC 600 that is one em- 
bodiment of a gain compensator, according to em- 
bodiments of the present invention; 
FIG. 7 illustrates a ROMDAC 700 having an ex- 
panded look-up table 701, according to embodi- 



4 

ments of the present invention; 
FIG. 8 illustrates a gain compensator 800 having a 
current scaler 804 that forms a current mirror con- 
figuration with one or more gain compensator cells 
5 806. according to embodiments of the present in- 
vention; 

FIG. 9 illustrates a gain compensator cell 806 hav- 
ing multiple unit current sources, according to em- 
bodiments of the present invention; 

io FIG. 10 illustrates the current scaler 804, according 
to embodiments of the present invention; 
FIG. 11 illustrates a flowchart 1100 that describes 
the operation of a PLL having compensation for 
nonlinear VCO gain, according to embodiments of 

15 the present invention; and 

FIG. 12 illustrates a flowchart 1200 that describes 
the operation of a gain compensator cell, according 
to embodiments of the present invention. 

20 1 . Example Tuner Application 

[0014] Before describing the invention in detail, it is 
useful to describe an example tuner application for the 
invention. The invention is not limited to the tuner appli- 
es cation that is described here, and is applicable to other 
tuner and non-tuner applications as will be understood 
to those skilled in the relevant arts based on the discus- 
sions given herein. 

[0015] FIG. 1A illustrates a schematic of a tuner as- 
30 sembly 1 00 that has an RF automatic gain control circuit 
(AGC) 102, and a tuner 134. The tuner assembly 100 
receives an RF input signal 101 having multiple chan- 
nels and down-converts a selected channel to an IF fre- 
quency, to produce an IF signal 133. For instance, the 
35 RF input signal 101 can include multiple TV channels 
that typically have 6 MHZ frequency spacings and cover 
a range of 57-860 MHZ, and where the selected channel 
is down-converted to an IF frequency at 44 MHZ, 36 
MHZ or some other desired IF frequency for further 
40 processing. The structure and operation of the AGC cir- 
cuit 102 and the tuner 134 are described in further detail 
below. 

[0016] The AGC circuit 102 provides automatic gain 
control using a variable resistor 1 04 and a low noise am- 

45 plifier (LNA) 1 06. The variable resistor 1 04 attenuates 
the RF input signal 1 01 according to a control signal 1 03. 
In embodiments, the control signal 1 03 is based on the 
signal amplitude of the IF signal 133 so that the RF front- 
end gain can be adjusted to achieve a desired amplitude 

so for the IF signal 133. The LNA 106 provides low noise 
amplification and converts a single-ended input signal 
to a differential RF signal 107. 

[0017] The tuner 134 has a dual conversion architec- 
ture (one up-conversion, one down-conversion) that in- 
55 eludes an input mixer 108 and an image reject mixer 
118. The input mixer 1 08 is driven by a first phase locked 
loop (PLL) 110 that has coarse tuning capability from 
1270-2080 MHz. The image reject mixer 118 has two 
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component mixers 120a and 120b that are driven in 
quadrature by a second PLL 124 through a quadrature 
polyphase filter 122. The PLL 124 has a relatively fixed 
frequency of 11 76 MHZ (for a 44 MHZ IF) and has fine 
frequency tuning capability. A polyphase filter 126 is 
coupled to the output of the image reject mixer 118 to 
combine the quadrature outputs of the mixers 120. Two 
separate off-chip surface acoustic wave (SAW) filters 
114 and 130 are used to perform IF filtering in the tuner 
134. The first SAW filter 114 is connected between the 
first mixer 1 08 and the image reject mixer 118. The pass- 
band of the SAW filter 1 1 4 is centered at 1 220 MHZ, and 
is only a few channels wide (e.g. 1-3 channels wide or 
1 8 MHZ for 6 MHZ TV channel spacings). The second 
SAW filter 1 30 has a passband at 44 MHZ and is coupled 
to the output of the polyphase filter 126. Additionally, 
various on-chip amplifiers 108, 116, 128, and 132 are 
included throughout the tuner 134 to provide signal am- 
plification, as necessary. 

[001 8] The operation of the tuner 1 34 is described as 
follows and in reference to the frequency spectrum that 
is illustrated in FIG.1 B. The first mixer 1 08 mixes the RF 
signal 1 07 with a LO signal 1 09 that is generated by the 
PLL 110. Since the PLL 110 is tunable from 1270-2080 
MHZ, the RF signal 107 is up-converted to afirst IF 111 
having a frequency that is above the 57-860 MHZ input 
frequency band. The first IF 111 is sent off-chip to the 
SAW filter 114, which has a narrow passband window 
centered at 1220 MHz. The first SAW filter 114 selects 
a desired channel 11 5 that is within its narrow passband 
window, and substantially rejects all of the remaining 
channels. Therefore, a particular channel is selected by 
varying the frequency of the LO signal 1 09 so that the 
desired channel is up-converted into the narrow pass- 
band of the IF filter 114. The desired channel 115 (at 
1 220 MHZ) is sent back on-chip to the image reject mix- 
er 1 1 8 that is driven by a quadrature LO signal 1 1 9 from 
the polyphase filter 122. The image reject mixer 118 
down-converts the desired channel 115 to a 44 MHZ IF 
signal 1 27 that appears at the output of the polyphase 
filter 126, where I and Q components of the IF signal 
127 are combined in the polyphase filter 126. Finally, 
the IF signal 127 is filtered a second time by the band- 
pass SAW filter 130 to reject any unwanted frequency 
harmonics, producing the output IF signal 133 at 44 
MHZ and carrying the information in the desired chan- 
nel. 

[0019] The specific frequencies mentioned in the de- 
scription of the tuner assembly 100, and throughout this 
application, are given for example purposes only and 
are not meant to be limiting. Those skilled in the arts will 
recognize other frequency applications for the tuner as- 
sembly 100 based on the discussion given herein. 
These otherfrequency applications are within the scope 
and spirit of the present invention. 



2. Phase Lock Loop: 

[0020] The first PLL 1 1 0 and the second PLL 1 24 are 
represented by the PLL 200 that is illustrated in FIG. 2. 

5 The PLL 200 generates a PLL output signal 227 that is 
a frequency multiple of a reference signal 201 , and 
where the output signal 227 is phase-locked to the ref- 
erence signal 201 . The PLL 200 self-corrects for any 
phase (and therefore frequency) variations between the 

io reference signal 201 and the output signal 227 via a 
feedback mechanism that is described as follows. The 
structure and operation of the PLL 200 are described as 
follows. 

[0021] The PLL 200 structure includes: a phase de- 

15 tector202, a charge pump 204, afrequency divider206, 
a loop filter 208, a coarse tuning circuit 21 4, a VCO as- 
sembly 222, and a LC resonant circuit 228. The loop 
filter 208 includes a variable resistor 210 and a variable 
capacitor 21 2 that are controlled by an l 2 C signal 207. 

20 The coarse tuning circuit 21 4 includes a comparator 21 6 
and a shift register 218. The VCO assembly 222 in- 
cludes multiple component VCOs 226a-c, where each 
VCO 226 preferably covers a particularfrequency band. 
A VCO 226 is switched-in to the PLL 200 by closing a 

25 corresponding switch 224. The switches 224a-c are 
controlled by corresponding control signals 223a-c that 
make-up a VCO control bus 220. The LC resonant cir- 
cuit 228 is connected in parallel with the VCO assembly 
222 and includes: multiple fixed capacitors 232an hav- 

30 ing corresponding switches 230a-n, a varactor234, and 
an inductor 236. One or more of the fixed capacitors 232 
are switched in-parallel with the selected VCO 226 by 
closing the corresponding switch(s) 230. The switches 
230 are controlled by corresponding control signals 

35 239a-n that make-up a capacitor control bus 238. 

[0022] Each VCO 226 is a resonant tuned oscillator 
whose oscillation frequency is controlled by the reso- 
nant frequency of the parallel LC circuit 228. The reso- 
nant frequency of the LC circuit 228 is determined by 

40 the relative total capacitance and inductance according 
to the equation: 

f 0 = (1/2ti) • 1/sqrt(LC) Eq. 1 

[0023] As discussed further below, coarse frequency 
tuning (e.g. band-selection) of the selected VCO 226 is 
performed by switching in one or more of the fixed ca- 
pacitors 232 into the LC circuit 228. This changes the 

50 resonant frequency of the LC circuit 228, and therefore 
the oscillation frequency of the selected VCO 226. Fine 
frequency tuning is performed by changing the control 
voltage on the varactor 234, which has a variable ca- 
pacitance that changes with applied voltage. The VCO 

55 gain is defined as the change in the VCO outputfrequen- 
cy per unit change in the voltage across the varactor 
234. 
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[0024] The PLL 200 operates based on known PLL 
feedback principles. A VCO 226 is selected based on 
the desired frequency of operation for the PLL 200, and 
is switched-in to the PLL 200 by closing the appropriate 
switch 224 using the appropriate control signal 223. The 
PLL output signal 227 from the selected VCO 226 is fed 
back to a phase detector 202 through the frequency di- 
vider 206. The frequency divider 206 normalizes the fre- 
quency of the output signal 227 to that of the reference 
signal 201 for comparison in the phase detector 202. 
The phase detector 202 compares the phase of the out- 
put signal 227 to the reference signal 201 , and gener- 
ates a DC error signal 203 that represents the phase 
difference between the two signals. The charge pump 
204 receives the error signal 203 and a reference pump 
current 205. The charge pump 204 sources (or sinks) a 
percentage of the pump current 205 based on the error 
signal 203, as will be understood by those skilled in the 
arts. The output current of the charge pump 204 drives 
the loop filter 208 to produce a tuning voltage 209. Part 
of the tuning voltage 209 is dropped across the variable 
capacitor 212 to generate a tuning voltage 211 . As dis- 
cussed further below, the tuning voltages 209 and 211 
control the oscillation frequency of the selected VCO 
226. 

[0025] The tuning voltages 209 and 211 adjust the 
resonant frequency of the LC circuit 228 (and therefore 
the oscillation frequency of the selected VCO 226) via 
a coarse tuning mechanism and a fine tuning mecha- 
nism, respectively. More specifically, the coarse tuning 
circuit 214 adds (or subtracts) one or more of the fixed 
capacitors 232a-n to the LC circuit 228 based on the 
tuning voltage 211. Similarly, the tuning voltage 209 di- 
rectly adjusts the voltage (and therefore the capaci- 
tance) of the varactor 234 to implement fine frequency 
tuning. Both tuning mechanisms adjust the oscillation 
frequency of the VCO 226 by changing the capacitance 
of the LC circuit 228, which shifts the resonant frequency 
of the LC circuit 228. The tuning range of the varactor 
234 is slightly larger than one fixed capacitor 232, and 
therefore provides some tuning overlap between the 
fixed capacitors 232. The coarse tuning circuit 214 is 
described further below. 

[0026] The coarse tuning circuit 214 includes a win- 
dow comparator 216 and a bi-directional shift register 
218. The window comparator 216 receives the tuning 
voltage 21 1 and also receives input reference voltages 
v 1 and v 2 . The window comparator 21 6 determines if the 
voltage 21 1 is within a voltage "window" that is defined 
between the input references voltages v., and v 2 , and 
generates a control signal 21 7 that controls the bi-direc- 
tional shift register21 8 based on this determination. The 
shift register 218 stores a series of bits that control the 
capacitor switches 230 via the control bus 238 to add 
(or subtract) the corresponding capacitors 232 to (or 
from) the LC circuit 228. A "1" bit on the control line 239 
causes the corresponding switch 230 to close and there- 
by adds the corresponding capacitor 232 to the LC cir- 



cuit 228. A "0" bit on the control line 239 causes the 
switch 230 to open and thereby subtracts the corre- 
sponding capacitor 232 from the LC circuit 228. 
[0027] The coarse tuning circuit 214 operates to self- 
s correct coarse variations in the oscillation frequency of 
the selected VCO 226 by adding or subtracting capaci- 
tors 232, based on the tuning voltage 211. If the com- 
parator 21 6 determines that the voltage 21 1 is below v., , 
then the comparator 216 causes a series of "1"s to be 
10 shifted through the shift register 218, which incremen- 
tally adds capacitors 232 to the LC circuit 228 until the 
tuning voltage 211 is within the v., -to-v 2 voltage window. 
If the comparator 216 determines that the voltage 211 
is above the voltage v 2 , then the comparator 21 6 causes 
15 a series of "0"s to be shifted through the shift register 
218, which incrementally subtracts capacitors 232 from 
the LC circuit 228 until the tuning voltage 211 is within 
the v^to-Vj voltage window. As described above, the 
frequency of the selected oscillator 226 changes when- 
ce ever capacitance is added to , o r subtracted from , the LC 
circuit 228. If the comparator 216 determines that the 
voltage 211 is within the voltage window defined by v 1 
and v 2 , then no action is taken and the fixed capacitance 
in the LC circuit 228 remains unchanged. In otherwords, 
25 the tuning voltage 211 is within an acceptable voltage 
range (or "window"), and correspondingly, the frequency 
of the output signal 227 is within an acceptable frequen- 
cy range. Therefore the number of the fixed capacitors 
232 that are switched-in to the LC circuit 228 is not 
so changed. 

3. Example VCO Configuration 

[0028] FIG. 3 illustrates a differential VCO 300 as one 

35 embodiment of VCO 226 and the LC resonant circuit 
228. The VCO 300 is meant for example purposes only 
and is not meant to limit the invention in anyway. Other 
oscillator configurations could be utilized to practice the 
invention, as will be understood by those skilled in the 

40 relevant arts based on the discussions given herein. 
[0029] The VCO 300 includes the active VCO portion 
226 and the resonant LC circuit 228. The active portion 
includes a pair of cross coupled transistors 302a and 
302b that oscillate at the resonant frequency of LC cir- 

45 cuit 228. In this cross-coupled configuration, the drain 
of transistor 302a is connected to the gate of transistor 
302b. Likewise, the drain of transistor 302b is connected 
to the gate of the transistor 302a. The LC circuit 228 is 
also coupled to the drains of the transistors 302. At res- 

so onance, the LC circuit 228 causes a positive feedback 
path between the cross-coupled transistors 302, which 
causes the transistors to oscillate at the resonant fre- 
quency of the LC circuit 228, producing the differential 
output signal 227. 

55 [0030] The oscillation frequency of the VCO 300 can 
be tuned by two mechanisms. Coarse frequency tuning 
(or band selection) is performed by adding or subtract- 
ing the fixed capacitors 232 using the corresponding 
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switches 230. Fine frequency tuning is performed by the 
tuning voltage 209, which varies the capacitance pro- 
duced by the series-connected varactor diodes 234a 
and 234b that are attached to the drains of the transis- 
tors 302. The frequency change of VCO 300 per unit 
change in varactor 234 voltage is defined as the VCO 
gain. As stated above, the tuning range of the varactor 
234 is slightly larger than the capacitance of one fixed 
capacitor 232, and therefore provides some tuning over- 
lap between the fixed capacitors 232. 
[0031] In one embodiment, the varactors 234 are PN 
junction varactors, and in an alternate embodiment 
these varactors 234 are MOSFET varactors, depending 
on the designer's preference. 

4. PLL Gain Compensation 

[0032] PLL gain is defined as the frequency change 
of the output signal verses the phase difference be- 
tween the feedback signal and the reference signal . The 
forward PLL gain is determined as follows: 

G(s)= K PH| • (R LF + 1/sC LF ) • K vco /s; Eq. 2 

where: 

K PH |= Phase detector gain (mA/radian) 
Ri_p= Loop filter resistance 
C LF = Loop filter capacitance 
K V co= vco 9 ain (MHZ/volt) 
s represents frequency 

The feedback PLL gain H(s) = 1/N, where N isthefeed- 
backfrequency division ratio, The overall open loop gain 
is G(s)H(s), and the overall closed-loop gain is G(s)/ 
[1+G(s)H(s)]. 

[0033] As described above, the PLL 200 performs 
coarse frequency tuning by incrementally adding (or 
subtracting) one or more of the fixed capacitors 232 that 
are in-parallel with the selected VCO 226. Fine frequen- 
cy tuning is performed by adjusting the voltage on the 
varactor 234, where the VCO gain is defined as the fre- 
quency shift per unit change in the tuning voltage 209. 
A problem with varactor-tuned VCOs is that the VCO 
gain verses the fixed capacitance 232 is variable. FIG. 
4 illustrates this characteristic with a graph of VCO gain 
402 verses fixed capacitance. As shown, the VCO gain 
curve 402 is reduced for a large fixed capacitance and 
is increased for a small fixed capacitance. Variable VCO 
gain is undesirable because it causes the PLL forward 
gain to change according to Eq. 2. In VCO applications 
with a large minimum-to-maximum capacitance tuning 
range, this VCO gain variability can cause loop instabil- 
ity, and reduced spectral purity in the PLL output signal. 
In a preferred embodiment, the VCO gain variability is 
compensated for by a compensator gain 404 so that the 
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overall PLL gain 406 remains relatively flat for variations 
in fixed capacitance (and therefore VCO frequency). 
More specifically, the charge pump current 205 is com- 
pensated to counter the variable VCO gain so that the 
s overall PLL gain is flat. 

[0034] FIG. 5 illustrates a PLL 500 that has a gain 
compensator 502 to adjust the charge pump current 205 
in order to linearize (and flatten) the overall PLL gain of 
the PLL 500. The gain compensator 502 generates the 
io pump current 205 based on the control information car- 
ried by the VCO control bus 220 and the capacitor con- 
trol bus 238. As discussed above, the VCO control bus 
220 selects the appropriate VCO 226 based on the de- 
sired frequency range for the PLL output signal 227. The 
15 capacitor control bus 238 selects the fixed capacitors 
232 that are switched-in parallel with the selected VCO 
226 for coarse frequency tuning of the VCO 226. There- 
fore, the gain compensator 502 can tailor the reference 
pump current 205 for a specified VCO 226 at a specified 
20 fixed capacitance 232 value, and thereby compensate 
for the variable VCO gain vs. fixed capacitance. 
[0035] FIG 6 illustrates a read only memory digital-to- 
analog converter (ROMDAC) 600 that is one example 
embodiment of the gain compensator 502, according to 
25 embodiments of the invention. Referring to FIG. 6, the 
ROMDAC 600 includes a look-up table 602 and a cur- 
rent digital-to-analog converter 610. The lookup table 
602 stores pump current values 604a-n that are indexed 
by the selected VCO 226 and a fixed capacitance total 
30 606, where the fixed capacitance total 606 is the parallel 
sum of the capacitors 232 that are switched-in to the LC 
circuit 228. The pump current values 604 are selected 
to compensate for the variable VCO gain vs, capaci- 
tance, given an identified VCO 226 and the fixed capac- 
35 itance total 606. Preferably, the PLL 200 is character- 
ized beforehand for each VCO 226 to determine the 
pump current values 604 that produces a flat overall PLL 
gain for various capacitance totals 606. The look-up ta- 
ble 602 outputs a pump current value 608 that corre- 
40 sponds to identified VCO 226 and the fixed capacitance 
total 606. The DAC 61 0 converts the pump current value 
608 to the actual analog pump current 205 that drives 
the charge pump 204. As capacitors 232 are added to 
or subtracted from the LC circuit 228, the lookup table 
45 602 selects the appropriate pump current value 604 so 
as to maintain a flat overall PLL gain. Therefore, the 
pump current 205 is adjusted for various total capaci- 
tance 606 to counteract the variable gain of the selected 
VCO 226, and thereby flatten the overall gain of the PLL 
50 500. 

[0036] An advantage of the ROMDAC 600 is that the 
pump current values 604 can be totally arbitrary and 
mathematically unrelated to each other. In other words, 
the pump currents 604 can be individually selected to 
55 produce an optimum overall PLL gain for a given VCO 
226 and capacitance total 606, without being restricted 
by any mathematical relationship. In an alternate em- 
bodiment, the various pump currents 604 are mathe- 
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matically related to each other, or to the VCO control 
signal 220 or the capacitor control signal 238. 
[0037] In addition to PLL gain, it is desirable to tune 
various other PLL characteristics, such input reference 
frequency, loop bandwidth, damping factor, etc. This al- 
lows the same PLL to be used in different operating en- 
vironments. For instance, it is often desirable to have a 
PLL configuration that is operable with a number of dif- 
ferent reference frequencies. If the frequency of the ref- 
erence signal 201 increases by factor of two, the PLL 
loop gain should preferably be adjusted to compensate 
for this increase so that the PLL loop remains stable and 
accurate. The PLL loop gain can be appropriately ad- 
justed by reducing the frequency division of the frequen- 
cy divider 206 by a factor of two. However, this would 
require replacement of the frequency divider 206 for 
each possible reference frequency, or the use of a pro- 
gramable frequency divider. Alternatively, the charge 
pump current could be reduced by a factor of two to get 
the same effect. 

[0038] FIG. 7 illustrates a ROMDAC 700 as another 
embodiment of the gain compensator 502, according to 
embodiments of the present invention. The ROMDAC 
700 has an expanded lookup table 701 that has multiple 
sets 71 Oa-d of pump current values, where the sets 710 
tune various PLL characteristics in addition to compen- 
sating for variable VCO gain. Some PLL characteristics 
include, but are not limited to, PLL reference signal fre- 
quency, loop bandwidth, loop damping, etc, For exam- 
ple, sets 710a and 710b have pump current values 
702a-n and 704a-n, respectively, which are customized 
for different reference frequencies. The pump current 
values 702a-n can correspond to a first reference signal 
201 frequency, and the pump current values 704a-n can 
correspond to a second reference signal 201 frequency. 
Therefore, if the frequency of the reference signal 201 
changes, then the pump current value 608 can be se- 
lected from the appropriate pump current set 710. In an- 
other example, the pump current sets 710c and 71 Od 
are customized to maintain loop bandwidth for different 
loop damping factors. The loop damping factor is in- 
creased or decreased by adjusting the variable resistor 
21 0 in the loop filter 208, which also determines the loop 
bandwidth. If the damping factor is changed, then the 
loop bandwidth can be held constant by selecting the 
appropriate set 710c or 71 Od that adjusts the charge 
pump current 205 to sufficiently counter the effect on the 
loop bandwidth. 

[0039] To summarize, by storing multiple sets 710 of 
charge pump values in the lookup table 701, multiple 
PLL characteristics can be adjusted or tuned in addition 
to PLL gain. This allows the same PLL 500 to be used 
under different PLL operating conditions, without replac- 
ing PLL components. The number of pump current sets 
71 0 can be expanded to adjust any number of PLL char- 
acteristics, assuming there is sufficient memory space 
in the look-up table 701. 

[0040] FIG. 8 illustrates a gain compensator 800 that 
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is another embodiment of the gain compensator 502 in 
FIG. 5. The gain compensator 800 includes: a voltage 
generator 801 , gain compensator cells 806a-c that cor- 
respond to VCOs 226a-c, and PFETs 808a-c that cor- 
s respond to the gain compensator cells 806a-c. Each 
gain compensator cell 806 generates a prospective 
pump current 807 that compensates for the variable 
VCO gain of its corresponding VCO 226 caused by the 
fixed capacitors 232. Since only one VCO 226 is oper- 
io ational at a given time, only one prospective pump cur- 
rent 807 becomes the actual pump current 205 that 
feeds the charge pump 204. The PFETs 808 operate as 
switches that are controlled by the VCO control signals 
239 and select the appropriate prospective pump cur- 
's rent 807 to correspond with the selected VCO 226. For 
example, if the VCO 226a is the selected VCO 226, then 
the control signal 239a causes the PFET 808a to con- 
duct so that the current 807a becomes the feed for the 
pumpcurrent205. Accordingly, control signals 239b and 
20 239c cutoff their respective PFETs 808b and 808c, and 
therefore only the current 807a feeds the pump current 
205. 

[0041] The structure of the gain compensatorcell 806 
is shown in FIG 9 and includes: switches 902a-d that 
25 arecontrolled by the respective capacitorcontrol signals 
239a-d, and unit current sources 906a-j that are ar- 
ranged in groups 904a-d. Preferably, each unit current 
source 906 generates substantially the same amount of 
unit current (within transistor tolerances), where the 
so amount of unit current is based on a gate voltage 805 
that is generated by the voltage generate 801. Each 
group 904 corresponds to a capacitor 232, and gener- 
ates a portion of the total pump current 205 when the 
respective capacitor 232 is switched-in to the LC circuit 
35 228. The number of unit current sources 906 in each 
group 904 is selected to compensate for the variable 
VCO gain that occurs when the corresponding capacitor 
232 is switched-in to the LC circuit 228. For example, 
group 904a corresponds to capacitor 232a, and has 4 
40 unit current sources 906 to compensate for variable 
VCO gain that is caused by the capacitor 232a. Where- 
as, group 904b only has 2 unit current sources 906 to 
address the variable VCO gain caused by the capacitor 
232b, and so on. Note that the number of current sourc- 
es es 4,2,3,1 that are shown in FIG. 9 for the groups 902a- 
d are for illustration purposes only and is not meant to 
be limiting. Furthermore, the number of groups 904, 
namely 4 as shown, is not meant to be limiting. In em- 
bodiments of the invention, the number of groups 904 
so should be less than or equal to the number of fixed ca- 
pacitors 232. 

[0042] A group 904 is switched into the gain compen- 
sator cell 806 when the corresponding switch 902 con- 
nects Vg 805 to the unit current sources 906 in the group 
55 904. Once connected to a group 904, the Vg 805 acti- 
vates the current sources 906 and determines the cur- 
rent produced by each current source 906 . The switches 
902 arecontrolled by the same capacitor control signals 
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239 that switches-in the respective capacitors 232 into 
the LC circuit 228. Therefore, when a capacitor 232 is 
switched-in to the LC circuit 228, the corresponding 
group 904 will be switched-in to the gain compensator 
cell 806, and therefore contribute to the prospective 
pump current 807. For instance, if the capacitor 232a is 
switched-in to the LC circuit 228 by the capacitor control 
signal 239a, then the group 904a of unit current sources 
906 will be switched-in to the gain compensator cell 806 
by the same control signal 239a. Therefore, the current 
from the group 904a will contribute to the prospective 
pump current 807, and thereby compensate for the var- 
iable VCO gain that is caused by the capacitor 232a. If 
the capacitor 232b is then switched-in to the LC circuit 
228, then the group 904b is switched-in to the gain com- 
pensator cell 806 to compensate for the variable VCO 
gain that is caused by the capacitor 232b. As such, the 
charge pump current 205 is simultaneously adjusted to 
maintain a flat overall PLL as the capacitors 232 are in- 
crementally added to (or subtracted from) the LC circuit 
228. 

[0043] Each unit current source 906 is preferably a 
PFET transistor, as shown. However, other transistor 
devices and configurations could be used for the unit 
current sources 906, including N-FET transistors, as will 
be understood by those skilled in the relevant arts based 
on the discussions given herein. These other transistor 
devices and configurations are within the scope and 
spirit of the present invention. For example, simultane- 
ous use of NFET and PFET current sources would per- 
mit the gain compensator to compensate for a non-mo- 
notonic VCO gain verses fixed capacitance character- 
istic. 

[0044] The voltage generator 801 and the current 
sources 906 operate as a "current mirror", where the 
drain currents of the selected unit current sources 906 
copy or "mirror" a reference scale current 812. More 
specifically, the current scaler 804 sets the reference 
scale current 81 2, which operates as a current sink for 
the PFET 802. The PFET 802 operates as a diode be- 
cause the gate and drain of the PFET 802 are shorted 
together by a conductor 813. The drain current 814 of 
the PFET 802 is substantially the same as the reference 
scale current 812 because there is substantially zero 
current on the conductor 813. The diode-connected 
PFET 802 generates the gate voltage 805 at its gate 
terminal to correspond with the drain current 814, and 
therefore to the reference scale current 81 2. If the drain 
current 814 deviates from the reference scale current 
81 2 for some reason, then charge flows to/from the gate 
of the PFET 802 to bring the current 814 and the scale 
current 812 back in-line with each other. The gate volt- 
age 805 is applied to the gate of the current sources 906 
when their respective group 904 is selected by the ca- 
pacitor control signals 239. The current sources 906 will 
reproduce (or "mirror") the drain current 814 due to the 
common gate voltage 805, if the device characteristics 
of the current sources 906 are sufficiently similar to 



14 

those of the PFET 802. This current mirror effect occurs 
because two or more FETs that have a common gate- 
to-source voltage and similar device characteristics will 
generate substantially the same drain current. If a group 
s 904 is not switched-in by the corresponding capacitor 
control signal 239 (because the corresponding capaci- 
tor 232 is not switched in the LC circuit 228), then the 
gates of the corresponding current sources 906 are con- 
nected to Vcc by the corresponding switch 902. When 
io connected to Vcc, these non-selected current sources 
906 are cutoff and do not generate a unit current. 
[0045] Preferably, the PFET 802 and the current 
sources 906 are fabricated on the same semiconductor 
wafer using the same process, which improves the corn- 
's monality of device characteristics. However, if the size 
of the unit current sources 906 is scaled relative to the 
size of the PFET 802, then the unit current sources 906 
will generate a current that is proportional to the scale 
factor, as will be understood by those skilled in the rel- 
20 evant arts. This increases the flexibility of the gain com- 
pensator cell 806, as the current sources 906 can be 
scaled relative to the PFET 802 as well as relative to 
each other. 

[0046] The current scaler 804 sets the reference scale 
25 current 812 based on a PLL control signal 810, where 
the PLL control signal 81 0 dictates various PLL charac- 
teristics such as the frequency of the reference signal 
201, the PLL loop bandwidth, and PLL loop damping, 
etc. FIG. 10 illustrates one embodiment of the current 
30 scaler 804 and includes weighted current sources 
1002a-n. The weighted current sources 1002a-n sink 
currents 1004a-n based the PLL variables in the PLL 
control signal 810. For example, the current source 
1 002a can be adapted to generate a current 1 004a that 
35 is proportional to the frequency of the reference signal 
201, and the current source 1002b can be adapted to 
generate a current 1 004b that is proportional to the de- 
sired loop bandwidth, etc. The currents 1004a-n are 
summed together to form the reference scale current 
40 812 that feeds the diode-connected PFET 802. There- 
fore, changes in the PLL variables are reflected in the 
reference scale current 812, and ultimately in the drain 
currents of the unit current sources 906 because of the 
current mirror effect described herein. More specifically, 
45 the PFET drain current 814 is substantially the same as 
the reference scale current 812, and gets copied to the 
drain currents of the unit current sources 906. 
[0047] ] An advantage of using the current scaler 800 
is that all of the current sources 906 (that are in a se- 
so lected group 904) are simultaneously adjusted for 
changing PLL characteristics, in addition to compensat- 
ing for variable VCO gain. Therefore, the prospective 
pump current 807 (and ultimately the final pump current 
205) can be efficiently tuned to compensate for chang- 
es ing PLL characteristics. This allows the same PLL to be 
utilized under different operating conditions. Further- 
more, the current scaler 804 reduces the size of the 
overall gain compensator because multiple sets of cur- 
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rent sources 906 are not needed to address changing 
PLL characteristics. In contrast, the ROMDAC 700 re- 
quires multiple sets 710 of current values to address 
changing PLL characteristics, which increases the size 
of the ROMDAC 700. 

[0048] The following examples illustrate the flexibility 
of the PLL 500 when using the current scaler 804 to ad- 
just for changing PLL characteristics (besides VCO 
gain). In a first example, the frequency of the reference 
signal 201 increases by a factor of two, but the frequen- 
cy divider 206 ratio is to remain constant. The same the 
frequency divider 206 can be used in the PLL 500 if the 
charge pump current 205 is reduced by approximately 
a factor of two. This is accomplished by reducing the 
reference scale current 81 2 that is generated by the cur- 
rent scaler 804, causing a corresponding reduction in 
the gate voltage 805. Through the current mirror effect, 
the current produced by the selected current sources 
906 will be proportionally reduced by a factor of two. 
Therefore, the prospective current 807 (and the pump 
205) will also be reduced by a factor of two as desired, 
and the same PLL 500 can be reused for the new refer- 
ence frequency. 

[0049] In a second example, the PLL damping factor 
£ is to be increased, but the PLL bandwidth is to be held 
constant. The PLL damping factor £ is increased by in- 
creasing the resistance of the variable resistor 210 in 
the loop filter 208. However, this also changes the loop 
bandwidth as will be understood by those skilled in the 
arts. To compensate, the current scaler 804 adjusts the 
reference scale current 81 2, and therefore the unit cur- 
rent sources 906 to produce a reference pump current 
205 lhal compensates for Ihe loop bandwidth. 
[0050] In summary, and based on the examples here- 
in, the gain compensator 800 is able to compensate for 
variable VCO gain and simultaneously tune other PLL 
characteristics by using the current mirror configuration 
described herein. These other PLL characteristics in- 
clude but are not limited to changes in reference fre- 
quency, damping factor, and bandwidth. 
[0051] The flowchart 1 1 00 further describes the oper- 
ation of the gain compensator 800 and VCO gain com- 
pensation according to embodiments of the present in- 
vention. The order of the steps in the flowchart 1100 is 
not limiting as all or some of the steps can be performed 
simultaneously or in a different order, as will be under- 
stood by those skilled in the arts. 
[0052] In step 1 1 02, a VCO 226 is selected from the 
VCO 226a-c based on the desired frequency of the out- 
put signal 227. The selection is made by closing the ap- 
propriate switch 230 using the control signals 239 to 
switch-in the desired VCO 226. 

[0053] Instep 11 04, the VCO output signal 227 is fed 
back to the phase detector 202 through a frequency di- 
vider 206. The frequency divider 206 normalizes the fre- 
quency of the output signal 227 to that of the reference 
signal 201 for comparison in the phase detector 202. 
[0054] Instep 1106, the phase detector 202 compares 



the phase of the output signal 227 to the reference signal 
201, and generates a DC error signal 203 that repre- 
sents the phase difference between the two signals. 
[0055] In step 1108, the charge pump 204 sources or 
s sinks a percentage of a reference pump current 205 
based the error signal 203. 

[0056] In step 1110, the output current from the 
charge pump 204 drives the loop filter 208 to produce a 
tuning voltage 209. 

10 [0057] Instep 1112, one or more fixed capacitors 232 
are switched-in to (or switched-out of) the LC resonant 
circuit 228 based on the tuning voltage 209, to perform 
coarse frequency tuning of the selected VCO 226. The 
fixed capacitors 232 perform coarse frequency tuning 

15 by shifting the resonant frequency of the LC circuit 228, 
and therefore the selected VCO 226. The fixed capaci- 
tors 232 are switched-in to (or switched-out of) the LC 
circuit 228 by switching the corresponding switches 230 
using the control signals 239. 

20 [0058] Instep 1114, thegaincompensator800adjusts 
the charge pump reference current 205 to compensate 
for variable VCO gain that is caused by adding or sub- 
tracting the fixed capacitors 232. The reference current 
205 is adjusted based on the VCO control signals 239 

25 and also the capacitor control signals 239. In embodi- 
ments, the reference current 205 is adjusted simultane- 
ously with the switching of the fixed capacitors 232 by 
the capacitor control signals 239. 
[0059] In step 1116, the tuning voltage 209 fine lunes 

30 the frequency of the selected VCO 226 by changing volt- 
age across the varactor 234, The VCO gain vs. fixed 
capacitance is substantially linearized by the gain com- 
pensator 800 in step 1114, thereby flattening the PLL 
gain and improving the PLL spectral purity. 

35 [0060] Flowchart 1200 further describes step 1114, 
where the gain compensator 800 adjusts the charge 
pump currentto compensate for variable VCO gain. The 
order of the steps in the flowchart 1200 is not limiting as 
all or some of the steps can be performed simultane- 

40 ously or in a different order, as will be understood by 
those skilled in the arts. 

[0061] In step 1202, the gain compensator 800 re- 
ceives the VCO control signals 239 and the capacitor 
control signals 239. The VCO control signals 239 deter- 

45 mine which VCO 226 is switched-in to the PLL 500. The 
capacitor control signals 239 determine which fixed ca- 
pacitors 232 are switched-in to the LC circuit 228. 
[0062] In step 1204, a gain compensator cell 806 is 
selected to correspond to the VCO 226 that is switched- 

so in to the PLL 500, as indicated by the VCO control sig- 
nals 239. More specifically, the control signals 239 turn- 
on the appropriate P-FET 808 for the gain compensator 
cell 806 that corresponds to the selected VCO 226. 
[0063] In step 1206, the current scaler 804 generates 

55 a reference scale current 812 that is based on a PLL 
control signal 81 0, where the PLL control signal 81 0 de- 
fines certain PLL characteristics including reference fre- 
quency, loop bandwidth, and damping factor. 
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[0064] In step 1208, the switches 902 activate one or 
more groups 904 of unit current sources 906 according 
to the capacitor control signals 239. The groups 904 that 
are activated correspond to the capacitors 232 that are 
switched-in to the LC circuit 228, as indicated bytheca- s 
pacitor control signals 239. The remaining (non-select- 
ed) current sources 906 are cutoff. 
[0065] In step 1210, the activated groups 904 repli- 
cate (or copy) the reference scale current 812 one or 
more times, where the number of times that the refer- '0 
ence scale current 81 2 is replicated is dependent on the 
capacitors 232 that are switched-in to the LC circuit 228. 
More specifically, the activated groups 904 replicate the 
reference scale current enough times to sufficiently 
compensate the variable VCO gain that is caused by the '5 
corresponding capacitors 232. 

[0066] In step 1212, the currents from the activated 
current sources 906 are added together to generate the 
charge pump reference current 205. 
[0067] In step 121 4, the current scaler 804 adjusts the 20 
reference scale current 812 to address changing PLL 
characteristics, such as reference frequency, loop band- 
width, and damping factor. By adjusting the reference 
scale current 812, all of the replicated currents in step 
1210 are simultaneously adjusted to address the chang- 25 
ing PLL characteristics. 

5. Other Applications 

[0068] The gain compensation invention described 30 
herein has been discussed in reference to a tuner ap- 
plication. However, the gain compensation invention is 
not limited to tuners, and is applicable lo other non-tuner 
applications that can benefit from flat PLL gain. Addi- 
tionally, the gain compensation invention is applicable 35 
to other non-PLL circuits that can benefit from compen- 
sating for variable VCO gain. The application of the gain 
compensation invention to these non-PLL circuits will be 
understood by those skilled in the relevant arts based 
on the discussions given herein, and are within the 40 
scope and spirit of the present invention. 



Claims 

1 . A gain compensator circuit that determines a refer- 
ence pump current for a charge pump in a phase 
lock loop (PLL), comprising: 

a plurality of unit current sources that are ar- so 
ranged into at least one group, said group re- 
sponsive to a capacitor control signal and gen- 
erating a portion of the reference pump current 
when said group is activated, wherein said ca- 
pacitor control signal also controls a corre- 55 
sponding fixed capacitor: and 
means for scaling said unit current sources re- 
sponsive to a phase lock loop control signal. 



18 

2. The gain compensator circuit of claim 1 , wherein a 
number of said unit current sources in said group 
corresponds to a capacitance of said corresponding 
fixed capacitor. 

3. The gain compensator circuit of claim 1 , wherein a 
number of said unit current sources in said group is 
determined so as to compensate for variable VCO 
gain that is caused by said fixed capacitor. 

4. The circuit of any of claims 1 to 3, wherein said fixed 
capacitor determines a resonant frequency of a res- 
onant circuit. 

5. The gain compensator circuit of claim 4, wherein 
said resonant frequency determines an oscillation 
frequency of a VCO. 

6. The circuit of any of claims 1 to 5, wherein said ca- 
pacitor control signal switches-in said fixed capac- 
itor and activates said group of said unit current 
sources. 

7. The circuit of any of claims 1 to 6, wherein said unit 
current sources replicate a reference scale current, 
wherein the number of times said reference scale 
currenl is replicated is based on a lolal fixed capac- 
itance that is switched-in to a resonant circuit. 

8. The gain compensator circuit of claim 7, wherein 
said means for scaling adjusts said reference scale 
current based on said PLL control signal. 

9. The gain compensator circuit of claim 8, wherein 
said means for scaling comprises one or more 
weighted current sources that are responsive to 
said PLL control signal. 

10. The gain compensator circuit of claim 9, wherein 
said PLL control signal indicates at least one of ref- 
erence frequency, bandwidth, and damping factor 
of said PLL. 

11. The circuit of any of claims 1 to 10, wherein said 
means for scaling and said unit current sources 
form a current mirror. 

12. The circuit of any of claims 1 to 11 , wherein each 
unit current source is a field effect transistor (FET) 
that is controlled by said means for scaling when 
said unit current sources are activated. 

13. The gain compensator circuit of claim 12, wherein 
said means for scaling comprises a means for gen- 
erating a gate voltage that is applied to a gate of 
said FETs when said group is activated. 

14. The gain compensator circuit of claim 12, wherein 
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said means for scaling comprises a means for gen- 
erating a gate voltage based on said PLL control 
signal, and wherein said gain compensator circuit 
further comprises: 

a switch that is connected to said group of unit 
current sources, wherein said switch applies 
said gate voltage to said group of unit current 
sources when said corresponding fixed capac- 
itor is switched-in to a resonant circuit. '0 

15. A gain compensator circuit that determines a refer- 
ence pump current for a charge pump in a phase 
lock loop (PLL), comprising: 

a plurality of unit current sources that are ar- 
ranged into at least one group, said group gen- 
erating a portion of the reference pump current 
when said group is activated; 
a voltage generator that generates a gate volt- 20 
age based on a PLL control signal; and 
a switch that is connected to said group of unit 
current sources, wherein said switch is control- 
led by a corresponding capacitor control signal 
that also controls a fixed capacitor in a VCO 25 
tuning circuit, wherein said switch connects 
said gate voltage to said corresponding group 
of unit current sources according to said capac- 
itor control signal; 

30 

wherein said voltage generator includes a 
current scaler that generates a reference scale cur- 
rent according to a PLL control signal, and a means 
for generating said gate voltage based on said ref- 
erence scale current. 35 

16. The gain compensator circuit of claim 15, wherein 
a number of said unit current sources in said group 
is determined based on a capacitance of said fixed 
capacitor that is controlled by said corresponding 40 
capacitor control signal. 

17. The gain compensator circuit of claim 15, wherein 
a number of said unit current sources in said group 

is determined to compensate for variable VCO gain 45 
that occurs when said corresponding fixed capaci- 
tor is switched-in to said VCO tuning circuit. 

18. The circuit of any of claims 15 to 17, wherein each 

of said unitcurrentsources is afield effect transistor so 
(FET), and wherein said gate voltage is applied to 
said FETs by said switch according to said capacitor 
control signal. 

19. The circuit of any of claims 15 to 17, wherein each 55 
of said unitcurrentsources is afield effect transistor 
(FET), and wherein said gate voltage is applied to 
said FETs when said corresponding fixed capacitor 
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is switched-in to said VCO tuning circuit. 

20. The circuit of any of claims 15 to 19, wherein said 
means for generating comprises a diode-connected 
FET that conducts said reference scale current, 
when said diode-connected FET generates said 
gate voltage to correspond to said reference scale 
current. 

21. The circuit of any of claims 15 to 20, wherein said 
current scaler includes one or more weighted cur- 
rent sources that are controlled by said PLL control 
signal, to produce said reference scale current 
based on said control signal. 

22. A method of compensating the gain of a phase lock 
loop (PLL). comprising the steps of: 

(1) generating a reference scale current; 

(2) switching a fixed capacitor into a VCO tun- 
ing circuit that is part of a VCO to tune a fre- 
quency of said VCO; 

(3) replicating said reference scale current a 
number of times when said fixed capacitor is 
switched-in to said VCO tuning circuit, wherein 
the number of times said reference scale cur- 
rent is replicated is based on said fixed capac- 
itor; 

(4) contributing said replicated currents to a ref- 
erence charge pump current for said PLL; and 

(5) adjusting said reference scale current 
based on a PLL control signal that indicates 
characteristics of said PLL. 

23. The method of claim 22, wherein step (5) comprises 
the step of adjusting one or more weighted current 
sources that generate said reference scale current 
based on said PLL control signal. 

24. The method of claim 22 or claim 23, wherein said 
PLL characteristics include at least one of reference 
frequency, PLL bandwidth, and PLL damping factor. 

25. A method of compensating the gain of a phase lock 
loop (PLL), comprising the steps of: 

(1 ) receiving at least one capacitor control sig- 
nal that controls a corresponding fixed capaci- 
tor in a VCO tuning circuit; 

(2) generating a reference scale current; 

(3) activating a group of unit current sources 
based on said capacitor control signal; 

(4) replicating said reference scale current a 
number of times in said activated group, where- 
in said number of times said reference scale 
current is replicated is based on said fixed ca- 
pacitor that is controlled by said capacitor con- 
trol signal; 
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(5) summing together said replicated currents 
to form a reference charge pump current for 
said PLL; and 

(6) adjusting said reference scale current 
based on a PLL control signal, and thereby ad- s 
justing said reference pump current. 



26. The method of claim 25, wherein step (3) comprises 
the steps of activating said group of said unit current 
sources when said corresponding fixed capacitor is io 
switched-in to said VCO tuning circuit by said cor- 
responding capacitor signal. 



27. The method of claim 25, wherein step (3) comprises 

the step of applying a gate voltage to said unit cur- '5 
rent sources when said corresponding fixed capac- 
itor is switched into said VCO tuning circuit, wherein 
said gate voltage is based on said reference scale 
current. 

20 

28. The method of claim 25, wherein each of said unit 
current sources is afield effect transistor (FET), and 
wherein step (3) comprises the step of applying a 
gate voltage to a gate of said FETs when said group 



29. The method of any of claims 25 to 28, wherein said 
reference scale current is generated by one or more 
weighted current sources thai are controlled by said 
PLL control signal, wherein said step of adjusting 30 
comprises the step of adjusting said one or more 
weighted current sources based on said PLL control 
signal. 

30. The method of any of claims 25 to 29, further com- 35 
prising the step of: 

(7) de-activating said group of unit current 
sources based on said capacitor control signal. 

40 

31 . The method of any of claims 25 to 29, further com- 
prising the step of: 

(7) de-activating said group of unit current 
sources when said corresponding fixed capac- 45 
itor is switched-out of said VCO tuning circuit 
by said capacitor control signal. 

32. The method of claim 31 , wherein each of said unit 
current sources is afield effect transistor (FET), and so 
wherein said step of de-activating comprises the 
step of cutting-off said FETs in said de-activated 
group. 
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1 



A 



- Select a VCO according to a VCO control signal 



Feed-back the VCO output signal through a frequency divider 



Compare the phase of the feedback signal to at 
reference signal to generate an error signal ^ 



Generate an output charge pump current based on the 
error signal from the phase detector 



Generate a tuning vollagebased on the charge pump output 



-IHo 



Preform band-select tuning of the selected VCO by switching I 
none or more fixed capaci tors according to a capacitor, control signal T " ' X 



Adjust the charge pump current according to the VCO control | mt. 
and the capacitor control signal so as to compensate for p ■ 1 " 
the y<W«fc/« VCO gain that is caused by the switched capacitors 



Fine tune the selected VCO by adjusting the varactor voltage p " & 
! f^. II 
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Receive the VCO control signals and the capacitor control signals 



Select a gain compensator cell to correspond with the selected VCO that is 
used in the PLL, where the gain compensator cell selection 

is based on the VCO control signals 



-tZOif 



Generate a reference current that is based on a PLL control signal [2.0(, 



Activate one or more groups of t 
gain compensator cell with the capacitor c 
correspond to the capacitors that ar 


nit current sources in the selected 
ontrol signals, where the activated groups 
switched-in to the VCO LC circuit 




/ 


Replicate the reference current one or more times in the activated groups, 
where the number of times that the reference current is replicated in an activated group 
is dependent on the corresponding capacitor that are switched into the VCO LC circuit 



Add together all the unit currents from the activated groups 1*2. f 7_ 



Adjust the reference current to address changing PLL characteristics 
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